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(57)Abstract: 

PURPOSE: To obtain such a liquid crystal device that has high contrast and can be driven 
with low voltage as <10Vrms, and further, because of high resistance, the voltage holding rate 
can be improved, flickers in the screen can be avoided, and therefore, it can be used not only 
for a light-controlling device but a large-screen thin type device having high display quality. 
CONSTITUTION: The device consists of two substrates having electrode layers at least one 
of which is transparent, and a light-controlling layer containing a transparent solid material 
between these substrates. The transparent solid material is obtd. by polymn. of (1) a liquid 
crystal material and (2) a polymerizable compsn. containing such a polyfunctional (meth) 
acrylate deriv. that part or all of hydrogen atoms in the alkoxyl groups which constitute the 
ester deriv. is replaced with fluorine atoms and that all hydroxyl groups in the alkoxyl groups 
contribute to the ester bonds. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the light- scattering mold liquid crystal display 
component which can be made to a large area in the bright display screen, and its manufacture approach. 
In more detail Dispersion of cutoff of light, release and a light, or the illumination light, a transparency 
limit, cutoff, While being able to operate transparency electrically or thermally and being used for the 
screen of visual field cutoff, and the curtain of lighting control in the aperture and shop window of a 
building By displaying an alphabetic character and a graphic form and switching a display electrically, a 
billboard, It is related with the light-scattering mold liquid crystal display component used as projection 
mold displays, such as high information display objects, such as a display of display objects, such as a 
guide plate and an ornament display board, OA equipment, etc., and a projection, and its manufacture 
approach. 
[0002] 

[Description of the Prior Art] A polarizing plate and orientation processing are not needed, but the 
approach of making distribute a liquid crystal drop in a polymer, and film-izing the polymer by 
capsulation of Uquid crystal on a ****** No. 501631 [ 58 to ] official report and U.S. Pat. No. 4435047 
specifications, as an approach of manufacturing the large-sized and cheap liquid crystal device which 
was brightly excellent in contrast, is learned. Gelatin, gum arable, polyvinyl alcohol, etc. are proposed as 
capsulation matter here. 

[0003] If it has a dielectric constant anisotropy forward in the inside of a thin layer, the liquid crystal 
molecule will arrange in the direction of electric field under existence of electric field, and the liquid 
crystal molecule encapsulated with polyvinyl alcohol etc. in the technique indicated on the above- 
mentioned specifications is the refi-active index no of liquid crystal Refi-active index np of a polymer 
Transparency is discovered when equal. If electric field are removed, since, as for a liquid crystal 
molecule, the refi'active index of return and a liquid crystal drop will shift firom no at random 
arrangement, liquid crystal drops are scattered about in light in the interface, and a thin layer object 
becomes cloudy. Thus, the technique which is using the polymer which carried out distributed 
concealment of the encapsulated liquid crystal liquid drop-hke as the thin film Some are known besides 
the above-mentioned thing. In a ****** No. 502128 [ 61 to ] official report To the thing and JP,62- 
2231, A which were distributed in the epoxy resin, liquid crystal The technique in which used the phase 
separation of the liquid crystal matter accompanying the photo-curing of the above-mentioned 
photoresist vinyl system compound for the thing and JP,63-271233,A which liquid crystal distributed in 
the melt of a photoresist vinyl system compound and liquid crystal, and the modulated light layer was 
made to form into a special ultraviolet curing polymer etc. is indicated. 

[0004] Moreover, apart fi-om the technique which is made to distribute a liquid crystal drop and forms a 
modulated light layer into such a polymer, a polymer is made to form into it by using a hquid crystal 
ingredient as a continuation layer at the uniform three-dimensions-like network structure, and the 
technique which enabled the low-battery drive of a liquid crystal device is indicated by JP,1-198725,A. 
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Furthermore, the liquid crystal device which has the modulated light layer which consists of the polymer 
to which the liquid crystal device which has the modulated light layer which consists of the polymer 
which comes to carry out the polymerization of the polymerization nature constituent containing a 
monofunctional fluoro (meta) acrylate compound to JP,3-126915,A, and a liquid crystal ingredient 
comes to carry out the polymerization of the polymerization nature constituent containing an epoxy 
system fluoro (meta) acrylate compound to JP,6-202086,A, and a liquid crystal ingredient is indicated, 
respectively. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the liquid crystal device which has the 
modulated light layer which consists of the liquid crystal and the poljoner like the liquid crystal device 
which forms the polymer which has a three-dimensional network and changes in the continuation layer 
of a liquid crystal ingredient, driver voltage was not able to call it a sufficiently low thing, so that IC 
driver for liquid crystal devices by which is high contrast and the current general purpose is carried out 
could be used. Moreover, in the polymerization nature compound indicated in JP, 1-1 98725, A and JP,6- 
202086,A, on the molecular structure, since it was low, the resistance of the liquid crystal device 
produced using it and an electrical-potential-difference retention property were not sufficiently high [ in 
order to make it correspond to an active drive, quantity resistance and high- voltage retention were 
demanded but / the resistance of the monomer which is a modulated light stratification ingredient ]. 
[0006] From before, it is high contrast and a low-battery drive can be carried out, and moreover, the 
technical problem which this invention tends to solve has high specific resistance, and is to offer a light- 
scattering mold liquid crystal display device with high electrical-potential-difference retention, and its 
manufacture approach. 
[0007] 

[Means for Solving the Problem] this invention persons came to complete this invention, as a result of 
repeating research wholeheartedly. Namely, at least one side which has an electrode layer has the 
modulated light layer supported between two transparent substrates and this substrate, and this invention 
sets it to the liquid crystal device with which this modulated light layer contains a Uquid crystal 
ingredient and transparency solid matter, in order to solve the above-mentioned technical problem. Said 
transparency solid matter is a polyfunctional (meta) acrylate derivative. The alkoxyl group which 
constitutes an ester derivative is an alkoxyl group by which a part or all of the hydrogen atom was 
permuted by the fluorine atom. The polyfiinctional (meta) acrylate derivative with which all the 
hydroxyl groups of an alkoxyl group are participating in the ester bond (it is hereafter called "the 
fluorine permutation polyfunctional acrylate used by this invention".) The liquid crystal device 
characterized by being transparency solid matter which carries out the polymerization of the 
polymerization nature constituent to contain, and changes is offered. 

[0008] The liquid crystal device of this invention can be manufactured as follows, namely, as the 
polymerization nature constituent with which at least one side which has an electrode layer contains the 
fluorine permutation polyfunctional acrylate used by (1) liquid crystal ingredient and (2) this inventions 
between two transparent substrates, (3) photopolymerization initiator, and (4) arbitration components By 
making a chain transfer agent, a photosensitizer, a cross linking agent, coloring matter, and the other 
modulated light stratification ingredients that change more intervene, and carrying out the 
polymerization of the polymerization nature constituent by irradiating an activity beam of light at this 
modulated light stratification ingredient The modulated light layer which forms the transparency solid 
matter which has the structure where the liquid crystal mgredient was distributed, and changes between 
two substrates, or the modulated light layer which forms the transparency solid matter which has a three- 
dimensional network, and changes in the continuation layer of a liquid crystal ingredient is formed. 
[0009] An uneven optical interface is formed and dispersion of light is made to discover by forming the 
disorderly condition of a liquid crystal molecule, as a result of filling up the three-dimensional network 
part of this transparency solid matter with a liquid crystal ingredient and forming a liquid crystal 
ingredient continuously, when transparency solid matter has a three-dimensional network. The average 
mesh size of a three-dimensional network has the desirable range of 0.2-5 micrometers, and its range 
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which is 0.5-3 micrometers is more desirable. 

[0010] The substrates used by this invention may be a strong ingredient, for example, glass, a metal, 
etc., and may be the ingredient which has flexibility, for example, the thing like plastic film. And two 
sheets counter and a substrate may separate suitable spacing. Moreover, at least one of these has 
transparency, and must carry out vision of the modulated light layer pinched between the two sheets 
from the extemal world. However, perfect transparency is not made indispensable. When this liquid 
crystal device is used in order to make it act from one device side to the light which passes to an another 
side side, transparency with both two proper substrates is given. According to the purpose, transparence 
and an opaque proper electrode may be arranged on that whole sxuface or a partial target at this 
substrate. 

[001 1] Between two substrates, the modulated light layer which consists of a liquid crystal ingredient 
and a transparency high polymer intervenes. In addition, it is desirable to make the spacer for spacing 
usually intervene like a well-known liquid crystal device between two substrates. 
[0012] As a spacer, the thing for various liquid crystal cells, such as a plastics bead, a siUca bead, and an 
alumina, can be used, for example. 

[0013] The thickness of the modulated Ught layer of the liquid crystal device of this invention has the 
desirable range of 5-100 microns, and especially its range that is 8-50 microns is desirable. 
[0014] Of course, it does not require that the liquid crystal ingredient used by this invention is a single 
liquid crystallinity compound, and you may be the mixtm-e also containing matter other than two or 
more sorts of liquid crystal compounds and liquid crystal compounds, and what has the forward 
dielectric constant anisotropy of them is [ that what is necessary is just what is usually recognized as a 
hquid crystal ingredient by this technical field ] desirable. As liquid crystal used, a nematic liquid 
crystal, a smectic liquid crystal, and cholesteric liquid crystal are desirable, and especially a nematic 
liquid crystal is desirable. In order to improve the engine performance, chiral compoxmds, such as 
cholesteric-liquid-crystal, chiral nematic liquid crystal, and chiral smectic liquid crystal, etc. may be 
contained suitably. 

[0015] The Uquid crystal ingredient which can be used by this invention is a combination constituent 
which consists of compound groups shown below, in consideration of the property of a Uquid crystal 
ingredient, i.e., the phase transition temperature of an isotropic liquid and liquid crystal, the melting 
point, viscosity, the rate of a birefringence, and a dielectric constant anisotropy, for the purpose of 
adjusting solubility with a polymerization nature constituent etc., can be chosen and blended suitably 
and can be used. 

[0016] As a liquid crystal ingredient, various liquid crystal compounds, such as a benzoate system, a 
cyclohexane-carboxylic-acid ester system, a biphenyl system, a terphenyl system, a phenylcyclohexane 
acid system, a biphenyl cyclohexane acid system, a pyrimidine system, a dioxane system, a cyclohexane 
cyclohexane ester system, a tolan system, and a fluoro system, are used. 

[0017] The ratio of the liquid crystal ingredient occupied in a modulated light layer has 60 - 99% of the 
weight of the desirable range, and 70 - 90% of the weight of especially its range is desirable. ("% of the 
weight" is meant"%" hereafter.) 

[0018] The Hquid crystal device of this invention has the high ratio of the liquid crystal ingredient 
occupied in a modulated light layer, and when a liquid crystal ingredient forms a continuation layer and 
a modulated light layer has three-dimensions mesh-like transparency solid matter in this continuation 
layer especially, driver voltage is low and it has the description that the transparency at the time of 
electrical-potential-difference impression is high. 

[0019] Although the transparency solid matter in a modulated light layer has flexibility, flexibility, and 
elasticity as long as it can respond not only to a strong thing but to the purpose, its synthetic resin of a 
manufacture side to photopolymerization nature is desirable. 

[0020] The polymerization nature constituent used by this invention may contain the fluorine 
permutation polyftmctional acrylate used by this invention, in addition may contain a monofiinctional 
(meta) acrylate derivative, other polymer plasticity monomers or oligomer, etc. as an arbitration 
component. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



8/31/05 



JP,08-201786,A [DETAILED DESCRIPTION] 



Page 4 of 10 



[0021] The fluorine permutation polyfunctional acrylate used by this invention is a formula [0022]. 
[Equation 21 



[0023] It comes out, and the thing of the range of 0.35-0.80 has the desirable functional-group 
characteristic expressed, and especially the thing of the range of 0,35-0.60 is desirable. 
[0024] Since it is in the incHnation for high nebula nature implementation-ized effectiveness or low- 
battery-ized effectiveness to change small even if the functional-group characteristic is too larger than 
the above-mentioned range, and it is too small, it is not practical. 

[0025] In addition, the functional-group characteristic in the mixture of acrylate (meta) can have the 
value computed using those weight average molecular weight, and can apply it to this invention, 
[0026] As fluorine permutation polyfunctional acrylate used by this invention, it is a general formula (I), 
for example. 
[0027] 
[Formula 3] 



[0028] (— X and Y express the alkylene group of single bond or the carbon atomic numbers 1-5 in each 
independent among a formula, Rl expresses hydrogen or a methyl group, and n expresses the integer of 
1-10.) - the compound and general formula (II) which are expressed 
[0029] 
[Formula 4] 

r f 

HaC-C— OCX) — P — CH Q— OOC— C= CHg 



[0030] (— P and Q express the alkylene group of single bond or the carbon atomic numbers 1-5 in each 
independent among a formula, and Z expresses the alkylene group of single bond or the carbon atomic 
numbers 1-5 — R2 expresses hydrogen or a methyl group, and m expresses the integer of 1-10.) ~ the 
compound expressed is mentioned. 

[0031] As an example of a compound expressed with a general formula (I) 2, 2, 3, 3, 4, 4, 5, 5, 6, 6, 7, 7, 
8, 8, 9, and 9-hexa deca fluoro -1, 10-Deccan diol diacrylate, 2, 2, 3, 3, 4, 4, 5, and 5-octafluoro-l,6- 
hexanediol diacrylate, As an example of a compound which 3, 3, 4, 4, 5, 5, 6, and 6-octafluoro octane - 
1, 8-diol diacrylate, etc. are mentioned, and is expressed with a general formula (II) 3-perfluoro butyl-2- 
acryloyloxy propylacrylate, 3-perfluoro hexyl-2-acryloyloxy propylacrylate, 3-perfluoro octyl-2- 
acryloyloxy propylacrylate, etc. are mentioned. 

[0032] When the polymerization of the fluorine permutation polyfunctional acrylate used by this 
invention is carried out and it is macromolecule-ized, its effectiveness which is characterized by the 
fluorine atom having combined with alkylene and an alkyl chain, and is made to form into a low-battery 
drive by anchor ring force fall with the liquid crystal molecule by low polar is large. Furthermore, 
although it had polar groups, such as a hydroxyl group, therefore the compound indicated until now was 
not enough as properties, such as un-resisting and electrical-potential-difference retention The derivative 
used by this invention has the effectiveness which controls sharply fall of not resisting [ of a modulated 
light layer ], according to the binding energy of C-F association being large since it does not have the 
polar group which poses [ in / **** of association of those other than the functional group of the 
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monomer at the time of photopolymerization is small and / moreover and resistivity ] a problem. 
[0033] The number of fluoro alkylene chains in the fluorine permutation polyfunctional acrylate used by 
this invention is in the range of 1-10, and its range of 2-8 is more desirable. When there are more carbon 
atomic numbers than this, since it is in the inclination for the nebula nature at the time of no electrical- 
potential-difference impressing to fall, it is not desirable. 

[0034] When too few, the effectiveness of the formation of a low-battery drive is small, and since the 
operating rate of the fluorine permutation polyfunctional acrylate used by this invention is in the 
inclination for resistivity to fall, and for the nebula nature at the time of no electrical-potential-difference 
impressing to fall if many [ too ], 5 - 80% of its range in a polymerization nature constituent is desirable, 

and 20 - 75% of its range is more desirable. 

[0035] The fluorine permutation polyfunctional acrylate used by this invention is obtained by acrylic 
(meta )-izing the hydroxyl group of the aliphatic series fluoro acrylate derivative which has the aliphatic 
series diol derivative or hydroxyl group which has the structure where the hydrogen atom was permuted 
by the fluorine atom with a conventional method. 

[0036] As an aliphatic series fluoro diol derivative of the manufacture raw material marketed For 
example, "2, 2, 3, 3, 4, 4, 5, 5, 6, 6, 7, 7, 8, 8, 9, and 9-hexa deca fluoro -1, 10-Deccan diol" by the 
Idemitsu petrochemical company, The "2, 2, 3, 3, 4, 4, 5, and 5-octafluoro-l,6-hexanediol" by the Kanto 
chemistry company, "3, 3, 4, 4, 5, 5, 6, and 6-octafluoro octane -1, 8-JIRU", "1 by Hoechst A.G., 1, 2 
and 3, and 3-PENTAHIDORO perfluoro nonane diol -1, T\ "1, 1, 2 and 3, and 3-PENTAHIDORO 
perfluoro undecane diol -1, 2", etc. are mentioned. 

[0037] As an aliphatic series fluoro acrylate derivative which has the hydroxyl group of the manufacture 
raw material marketed For example, "M-3633" (3-(perfluoro-5-methyl hexyl)-2-hydroxypropyl 
methacrylate) by Daikin, LTD., "M-3833" (3-(perfluoro-7-methyl octyl)-2-hydroxypropyl 
methacrylate), "M-4033" (3-(perfluoro-8-methyl DESHIRU)-2-hydroxypropyl methacrylate), "R- 
1433" (3-perfluoro butyl-2-hydroxypropyl acrylate), "R-1633" (3-perfluoro hexyl-2-hydroxypropyl 
acrylate), "R-1833" (3-perfluoro octyl-2-hydroxypropyl acrylate), etc. are mentioned. 
[0038] As an arbitration component, in order that a degree of cross linking may be adjusted low, and the 
monofunctional (meta) acrylate derivative with the high use effectiveness may have it in polymerization 
hardening and may weaken the achoring force of the interface of liquid crystal and a macromolecule, 
effectiveness is in low-battery drive-ization. Since it is in the inclination for the high nebula nature 
implementation effectiveness or low-battery drive-ized effectiveness to become small even if such 
monofunctional (meta) acrylate has the too large blending ratio of coal and it is too small, it is not 
desirable. 

[0039] In order to attain a low-battery drive, the operating rate of the monofunctional (meta) acrylate 
derivative in the polymerization natxire constituent in the case of using monofunctional (meta) acrylate 
together has 5 - 97% of the weight of the desirable range, and 15 - 70% of the weight of especially its 
range is desirable. 

[0040] As a monofunctional (meta) acrylate derivative For example, amyl (meta) acrylate, hexyl (meta) 
acrylate, Heptyl (meta) acrylate, octyl (meta) acrylate, nonyl (meta) acrylate, DESHIRU (meta) acrylate, 
dodecyl (meta) acrylate, tridecyl (meta) acrylate, Octadecyl (meta) acrylate, behenyl (meta) acrylate, Iso 
octyl (meta) acrylate, isodecyl (meta) acrylate, Iso tridecyl (meta) acrylate, iso millimeter still (meta) 
acrylate, Iso BAL MICHIRU (meta) acrylate, isostearyl (meta) acrylate, NENIRU (meta) acrylate, 
NERORIJIRU (meta) acrylate, FARUNEJIRU (meta) acrylate, A cyclohexane, a cyclopentane, 
cycloheptane, a bicyclo heptane, Norbomene, a bicyclo pentane, a bicyclo octane, a tricyclo heptane. 
The acrylate which has hydrocarbon ring frames, such as tricyclodecane one and KORESUTEROIDO, 
in intramolecular (meta), Alkyl group permutation polyalkylene glycol (meta) acrylate, alkylation (or 
permuting [ no ]) phenoxy polyalkylene glycol (meta) acrylate, The acrylic-acid benzoate of a 
polyalkylene glycol, trifluoro ethyl (meta) acrylate, Pentafluoro propyl (meta) acrylate, tetrafluoro 
propyl (meta) acrylate, Octafluoropentyl (meta) acrylate, dodeca fluoro heptyl (meta) acrylate, hexa 
deca fluoro nonyl (meta) acrylate, hexafluoro butyl (meta) acrylate, etc. are mentioned. 
[0041] As the polymer plasticity monomer or oligomer as an arbitration component which can be used 
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by this invention For example, styrene, chloro styrene, alpha methyl styrene, a divinylbenzene; as a 
substituent Methyl, ethyl, propyl, butyl, amyl, 2-ethylhexyl, Cyclohexyl, benzyl, methoxy ethyl, butoxy 
ethyl, phenoxy ethyl, Al Lil, metallyl, glycidyl, 2-hydroxyethyl, 2-hydroxypropyl, The acrylate which 
has a radical like 3-chloro-2-hydroxypropyl, dimethylaminoethyl, and a diethylaminoethyl, Methacrylate 
or fiimarate; Vinyl acetate, vinyl acetate, or benzoic-acid vinyl, Acrylonitrile, cetyl vinyl ether, a 
limonene, a cyclohexene, Diallyl phthalate, 2-, 3- or 4-vinylpyridine, an acrylic acid, A methacrylic 
acid, acrylamide, methacrylamide, N-hydroxymethyl acrylamide or N-hydroxyethyl methacrylamide, 
and those alkyl ether compounds; An one mol of 2-hydroxyethyl (meta) acrylate, phenyl isocyanate, or 
one mol [ of n-butyl isocyanates ] resultant. Ethylene glycol, a polyethylene glycol, propylene glycol, A 
polypropylene glycol, 1, 3-butylene glycol, tetramethylene glycol, Hexamethylene glycol, neopentyl 
glycol, trimethylol propane, Di(meth)acrylate or Pori (meta) acrylate, such as a glycerol and 
pentaerythritol; Ethyleneoxide or propylene oxide two mols or more is added to one mol of neopentyl 
glycol. Di(meth)acrylate of the obtained diol; Ethyleneoxide or propylene oxide three mols or more is 
added to one mol of trimethylol propane. Obtained di(meth)acrylate or Tori (meta) acrylate of triol; 
Ethyleneoxide or propylene oxide two mols or more is added to one mol of bisphenol A. JI of the 
obtained diol Acrylate; Pori of dipentaerythritol (Meta) Acrylate; (Meta) pivalate ester neopentyl-glycol- 
diacrylate; ~ caprolactone denaturation hydroxy pivalate ester neopentyl-glycol-diacrylate; — straight 
chain aliphatic series diacrylate; — polyolefine denaturation neopentyl-glycol-diacrylate; ~ epoxy 
Acrylate, polyester (meta) acrylate, polyurethane (meta) acrylate, (Meta) Polyether (meta) acrylate, 
fluoro (meta) acrylate, Silicon Acrylate; Tris - (Meta) (hydroxyethyl) ~ Pori (meta) acrylate [ of - 
isocyanuric acid ]; ~ Pori (meta) acrylate [ of a tris-(hydroxyethyl)-phosphoric acid ]; - di(meth) 
acrylate [ of a G (hydroxy ethyl)-dicyclopentadiene ]; - an isocyanurate ring JI or Tori (meta) acrylate 
etc. which it has in intramolecular can be mentioned. 

[0042] As a photopolymerization initiator, it is 2-hydroxy, for example. - 2-methyl-l -phenyl propane- 1- 
ON ("DAROKYUA 1 173" by Merck Co.), 1 -hydroxy cyclohexyl phenyl ketone ("IRUGA cure 184" by 
Ciba-Geigy), l-(4-isopropyl phenyl)-2-hydroxy-isobutane-l-ON ("DAROKYUA 1116" by Merck Co.), 
Benzyl dimethyl ketal ("IRUGA cure 651" by Ciba-Geigy), The 2-methyl-l -[4-(methylthio) phenyl]-2- 
morpholino propanone -1 ("IRUGA cure 907" by Ciba-Geigy), 2, the mixture of 4-diethyl thioxan ton 
(the "kaya cure DETX" by Nippon Kayaku Co., Ltd.), and p-dimethylamino ethyl benzoate ("kaya cure 
EPA" by Nippon Kayaku Co., Ltd.), The mixture of an isopropyl thioxan ton ("can TAKYUA ITX" by 
the WORD PUREKIN soup company) and p-dimethylamino ethyl benzoate, acyl phosphine oxide 
("RUSHIRIN TPO" by BASF A.G.), etc. are mentioned. 

[0043] As for the operating rate of a photopolymerization initiator, it is desirable that it is 0.1 - 10% of 
range to a polymerization nature constituent. 

[0044] Although this modulated light stratification ingredient may be poured in between substrates in 
order to make a modulated light stratification ingredient intervene between two substrates, it may apply 
to homogeneity using a solution spreading machine, a spin coater, etc. suitable on one substrate, and, 
subsequently superposition sticking by pressure of the substrate of another side may be carried out. 
[0045] Moreover, the liquid crystal device manufacture approach which turns to applying a modulated 
light lamination ingredient to uniform thickness, carrying out polymerization hardening of the 
polymerization nature constituent, and sticking the substrate of another side after forming a modulated 
light layer on one substrate is also effective. 

[0046] Although optical exposure reinforcement and an exposure also need the above in fixed strength 
in the polymerization in the inside of the liquid crystal ingredient of the polymerization nature 
constituent by UV irradiation, formation of a three-dimensions network and equalization of the 
magnitude of the mesh can be attained by selection of suitable optical reinforcement. 
[0047] The approach of irradiating homogeneity in time and superficially as the optical exposure 
approach still more preferably is effective, when irradiating a light momentarily strong against the 
photopolymerization nature constituent which intervenes between substrates, advancing a 
polymerization and making magnitude of a mesh into homogeneity by this. That is, by irradiating 
ultraviolet rays at homogeneity and suitable reinforcement, the liquid crystal device which could form 
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the transparency solid matter which has a uniform three-dimensional network into the liquid crystal 
ingredient, consequently was obtained becomes what has a clear threshold and steepness, and the time- 
sharing drive of it is attained. 

[0048] It is desirable that a modulated light stratification ingredient carries out in an isotropic liquid 

condition in the case of the polymerization of a polymerization natxu'e constituent. 

[0049] 

[Example] Hereafter, the example of this invention is shown and this invention is explained still more 
concretely. However, this invention is not limited to these examples. 

[0050] Moreover, in the following examples, "% of the weight" is expressed and each of an evaluation 
property means the following notations and contents"%." 

TO : Whenever [ nebula ] ; Light transmittance at the time of applied voltage 0 (%) 

TlOO : Transparency ; Light transmittance in case applied voltage would be made to increase and light 

transmittance will hardly increase (%) 

VI 0 : threshold; - TO 0% and TlOO Applied voltage (Vrms) from which light transmittance becomes 
10% when it considers as 100% 

V90 rsaturation voltage; ~ the applied voltage (Vrms) from which light transmittance same as the above 
becomes 90% 

CR : contrast =T100 / TO [0051] with [ further again / by USHIO, INC. ] electric-eye UVD-365PD in 
the illuminance of ultraviolet rays — uni — it measured using meter UIT-101. 
[0052] (Synthetic example 1) In a 4 opening flask with a capacity of 200ml which set stirring 
equipment, the capacitor, and the thermometer "3, 3, 4, 4, 5, 5, 6, and 6-octafluoro octane -1 and 8- 
diol" (product made from Idemitsu petrochemistry) 7.20g, Diisopropyl ether 150ml, triethylamine 4.25g, 
and tert-butyl hydroquinone O.lg were added, and bitter taste roil chloride 4.6 Ig was dropped, keeping 
reaction temperature at 5 degrees C or less under a nitrogen air current. The reaction was continued after 
dropping termination, stirring at 50 more degrees C for 4 hours. After 500ml of 0.1-N hydrochloric acids 
washed contents after reaction termination and 150ml of pure water washed 5 times fiirther, the organic 
layer was dried with anhydrous sodium sulfate. 100 ppm of hydroquinones were added in the organic 
layer, reduced pressure distilling off of the solvent was carried out, and the light brown transparence 
liquid product was obtained. From measurement of an infrared absorption spectrum (IR), it checked that 
acrylic esterification was carried out completely. This was refined using the column chromatography 
(ethyl acetate: expansion solvent; n-hexane = 1:4), and 3, 3, 4, 4, 5, 5 and 6 of transparent and colorless 
Uquid, 6-octafluoro -1, and 8-octanediol diacrylate 6.83g was obtained. The fiinctional-group 
characteristic defined by said formula of this compound was 0,503. 
[0053] (Example 1) 

<Liquid crystal ingredient> The following liquid crystal constituent A 78.0% <Polymerization nature 
constituent> Diacrylate obtained in the synthetic example 1 15.12% "L-A" (the Kyoeisha chemistry 
company make, laurylacrylate) 

6.48% <Polymerization initiator> "IRUGA cure 651" (the Ciba-Geigy make, benzyl dimethyl ketal) The 
modulated light stratification ingredient which consists of 0.4% is put between two ITO electrode glass 
substrates with which it was applied to the 1 1 .0-micrometer spacer made from glass fiber, a temperature 
setup of the whole substrate is carried out so that a modulated light stratification ingredient may 
maintain a uniform solution condition ~ the ultraviolet rays of 40 mW/cm2 were irradiated for 60 
seconds, the polymerization nature constituent was stiffened, and the liquid crystal device which has the 
modulated light layer whose thickness which consists of a liquid crystal ingredient and transparency 
solid matter is 1 1 micrometers \yas obtained. 

[0054] As a result of measuring the appHed voltage of a liquid crystal device and the relation of light 
transmittance which were obtained, they are CR=22.9, V10=3.3Vrms, and V90=4.9Vrms T0=3.9% and 
T 100=89.2%, It is quantity contrast and has checked excelling in the low battery at drive nature. 
Moreover, the resistivity of this liquid crystal device was 8.0x101 1 ohm-cm. 

[0055] Next, as a result of observing the modulated light layer of the obtained liquid crystal device with 
an electron microscope, three-dimensions mesh-like transparency solid matter was observable. 
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[0056] <a presentation of the liquid crystal constituent A> — [Formula 5] 
9H<0 C4H8-Q-C5C-O-0C2H5 

SMdD C5H,, -O-CsC-Q-OCaHe 

CH3 

AO%a> C4H9-^C=C-Q>-OC2H5 

CH3 

109fi© C5H1, -Q-CSC-Q-OCzHs 
10>6(0 CHaO-Q-COO-^CsHii 

10«O CH3OQ3He-(~)-0-CN 

F 
F 

5«© C3H7-Q-0"^°°"d"^N 

F 

F 

[0057] 

<Physical properties of the liquid crystal constituent A> Transition temperature 66.3 degrees C (N-I) 
<-50 ** (C-N) 

Refractive index ne =1.708 no =1.512 deltan=0.196 Threshold electrical potential difference (Vth) 

I. 40V Viscosity of 20 degrees C 48.5 c.p. Dielectric constant anisotropy deltaepsilon=13.8[0058] 
(Example 2) 

<A liquid crystal ingredient> The above-mentioned liquid crystal constituent A 78.0% <Polymerization 
nature constituent> 2, 2, 3, 3, 4, 4, 5, and 5-octafluoro-l,6-hexanediol diacrylate compounded according 
to the synthetic example 1 (functional-group characteristic: 0.541) 13.91% "L-A" 7.49% 
<Polymerization initiator> "IRUGA cure 651" The modulated light stratification ingredient which 
consists of 0.6% is put between two ITO electrode glass substrates with which it was applied to the 

I I. 0-micrometer spacer made from glass fiber, a temperature setup of the whole substrate is carried out 
so that a modulated light stratification ingredient may maintain a uniform solution condition — the 
ultraviolet rays of 40 mW/cm2 were irradiated for 60 seconds, the polymerization nature constituent was 
stiffened, and the liquid crystal device which has the modulated li^t layer whose thickness which 
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consists of a liquid crystal ingredient and transparency solid matter is 1 1 micrometers was obtained. 
[0059] As a result of measuring the applied voltage of a liquid crystal device and the relation of light 
transmittance which were obtained, they are CR==24.7, V10=3.6Vrms, and V90=5.0Vrms T0=3.6% and 
Tl 00=89.0%, It is quantity contrast and has checked excelling in the low battery at drive nature. 
Moreover, the resistivity of this liquid crystal device was 6.5x101 1 ohm-cm. 

[0060] Next, as a result of observing the modulated light layer of the obtained liquid crystal device with 
an electron microscope, three-dimensions mesh-like transparency solid matter was observable. It is high 
contrast and has checked driving by the low battery. 
[0061] (Example 3) 

<Liquid crystal ingredient> The above-mentioned liquid crystal constituent A 78.0% <Polymerization 
nature constituent> 3-perfluoro hexyl-2-bitter taste roil oxy-propylacrylate compounded according to the 
synthetic example 1 (fiinctional-group characteristic: 0,398) 

14.98% "L-A" 6.42% <Polymerization initiator> "IRUGA cure 651" The modulated light stratification 
ingredient which consists of 0.6% is put between two ITO electrode glass substrates with which it was 
applied to the 1 1 .0-micrometer spacer made from glass fiber, a temperature setup of the whole substrate 
is carried out so that a modulated light stratification ingredient may maintain a uniform solution 
condition — the ultraviolet rays of 40 mW/cm2 were irradiated for 60 seconds, the polymerization nature 
constituent was stiffened, and the liquid crystal device which has the modulated light layer whose 
thickness which consists of a Uquid crystal ingredient and transparency solid matter is 1 1 micrometers 
was obtained. 

[0062] As a result of measuring the applied voltage of a liquid crystal device and the relation of light 
transmittance which were obtained, they are CR=25.0, V10=3.4Vrms, and V90=5.0Vrms T0=3.6% and 
T 100=89.9%, It is quantity contrast and has checked excelling in the low battery at drive nature. 
Moreover, the resistivity of this liquid crystal device was 7.1x101 1 ohm-cm. 

[0063] Next, as a result of observing the modulated light layer of the obtained liquid crystal device with 
an electron microscope, three-dimensions mesh-like transparency soUd matter was observable. 
[0064] (Example 4) 

<A liquid crystal ingredient> The above-mentioned liquid crystal constituent A 78.0% <Polymerization 
nature constituent> 3-perfluoro butyl-2-bitter taste roil oxy-propylacrylate compounded according to the 
synthetic example 1 (fimctional-group characteristic: 0.498) 14.98% "L-A" 6.42% <Polymerization 
initiator> "IRUGA cure 651" The modulated light stratification ingredient which consists of 0.6% is put 
between two ITO electrode glass substrates with which it was applied to the 1 1. 0-micrometer spacer 
made from glass fiber, a temperature setup of the whole substrate is carried out so that a modulated light 
stratification ingredient may maintain a uniform solution condition ~ the ultraviolet rays of 40 mW/cm2 
were irradiated for 60 seconds, the polymerization nature constituent was stiffened, and the liquid crystal 
device which has the modulated light layer whose thickness which consists of a liquid crystal ingredient 
and transparency solid matter is 1 1 micrometers was obtained. 

[0065] As a resuU of measuring the applied voltage of a liquid crystal device and the relation of light 
transmittance which were obtained, they are CR=26.3, V10=3.5Vrms, and V90=4.9Vrms T0=3.4% and 
T100=89.3%, It is quantity contrast and has checked excelling in the low battery at drive nature. 
Moreover, the resistivity of this Uquid crystal device was 5.8x101 1 ohm-cm. 

[0066] Next, as a result of observing the modulated light layer of the obtained Hquid crystal device with 
an electron microscope, three-dimensions mesh-like transparency solid matter was observable. 
[0067] (Example 5) 

<A liquid crystal ingredient> The above-mentioned liquid crystal constituent A 78.0% <Polymerization 
nature constituent> Diacrylate obtained in the synthetic example 1 13.65% "R-5610" (Daikin, LTD. 
make, IH and IH, and 7H-dodeca fluoro heptyl acrylate) 7.35% <Polymerization initiator> "IRUGA 
cure 651" The modulated light stratification ingredient which consists of 1.0% is put between two ITO 
electrode glass substrates with which it was applied to the 1 1. 0-micrometer spacer made from glass 
fiber, a temperature setup of the whole substrate is carried out so that a modulated light stratification 
ingredient may mamtain a uniform solution condition - the ultraviolet rays of 40 mW/cm2 were 
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irradiated for 60 seconds, the polymerization nature constituent was stiffened, and the liquid crystal 
device which has the modulated light layer whose thickness v/hxch consists of a liquid crystal ingredient 
and transparency solid matter is 1 1 micrometers was obtained. 

[0068] As a result of measuring the apphed voltage of a liquid crystal device and the relation of light 
transmittance which were obtained, they are CR=15.4, V10=2.5Vnns, and V90=3.8Vrms T0=5.8% and 
Tl 00=89.6%, It is quantity contrast and has checked excelling in the low battery at drive nature. 
Moreover, the resistivity of this Uquid crystal device was 6.0x101 1 ohm-cm. 

[0069] Next, as a result of observing the modulated light layer of the obtained liquid crystal device with 
an electron microscope, three-dimensions mesh-like transparency solid matter was observable. 
[0070] (Example 1 of a comparison) 

<A hquid crystal ingredient> The above-mentioned liquid crystal constituent A 78.0% <Polymerization 
nature constituent> "A-NPG" (new Nakamura chemistry company make, neopentyl glycol diacrylate) 
12.84% "L-A" 8.56% <Polymerization initiator> "IRUGA cure 651" The modulated light stratification 
ingredient which consists of 0.6% is put between two ITO electrode glass substrates with which it was 
applied to the 1 l.O-micrometer spacer made from glass fiber, a temperature setup of the whole substrate 
is carried out so that a modulated light stratification ingredient may maintain a uniform solution 
condition — the ultraviolet rays of 40 mW/cm2 were irradiated for 60 seconds, the polymerization nature 
constituent was stiffened, and the liquid crystal device which has the modulated light layer whose 
thickness which consists of a liquid crystal ingredient and transparency solid matter is 1 1 micrometers 
was obtained. 
[0071] 
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